INTRODUCTION
============

Age-related medication changes vary in individuals, but the typical pattern can be described as follows: first, chronic diseases such as hypertension and diabetes are most commonly found in people in their 40s or 50s; then, various diseases such as heart disease, stroke, and cancer have an increased occurrence with age. Since chronic diseases accumulate with age, it is natural that the number of prescription drugs also increases accordingly. During the young and middle-aged period, the use of drugs such as antihypertensive, antihyperlipidemic, and angina treatment drugs may increase but are rarely discontinued unless the disease is cured. Most recently published guidelines do not specifically address the discontinuation of drugs; however, they describe the need to increase drugs when the condition becomes severe.[@b1-agmr-22-111]--[@b4-agmr-22-111] Furthermore, more drugs are needed when patients have severe complications, such as angina.

Diseases alone do not increase the number of prescription drugs that are needed in old age. Geriatric syndrome is a condition that can cause mixed symptoms related to pathological changes and aging processes, for which drug therapy management is needed because it can affect prognoses.[@b5-agmr-22-111],[@b6-agmr-22-111] In addition, conditions such as dysphagia, delirium, depression, and pressure ulcer are increasingly observed in older people aged 75 years or over or in those requiring nursing care and these symptoms are frequently observed in patients with frailty. It is, therefore, understandable that patients with frailty are often exposed to polypharmacy, including analgesics, antipsychotics, anti-depressants, hypnotics, and laxatives.

ASSOCIATION BETWEEN FRAILTY AND POLYPHARMACY
============================================

Polypharmacy is generally defined as the concurrent use of a number of drugs. Although there is no strict definition of polypharmacy regarding the number of drugs, studies have defined polypharmacy and hyperpolypharmacy as the use of at least 5 and 10 drugs, respectively.[@b7-agmr-22-111]--[@b10-agmr-22-111]

Frailty refers to a condition prior to disability that requires nursing care. In general, frailty and prefrailty are diagnosed with validated tools such as the Fried criteria;[@b11-agmr-22-111] Frailty Index;[@b12-agmr-22-111] and Fatigue, Resistance, Ambulation, Illness, and Loss of weight (FRAIL) score.[@b13-agmr-22-111] One outstanding question is if patients with frailty take many prescription drugs. Three cross-sectional studies of relatively healthy cohorts, such as community residents, found that the number of drugs was significantly higher in older people with frailty.[@b14-agmr-22-111]--[@b16-agmr-22-111] Similarly, cross-sectional studies of older people with frailty reported that frailty was associated with a higher prevalence of polypharmacy (5 drugs or more)[@b17-agmr-22-111],[@b18-agmr-22-111] and hyperpolypharmacy (10 drugs or more).[@b18-agmr-22-111] A longitudinal observational study showed that frailty was more frequently observed in patients taking 7 drugs or more (the cutoff point was 6.5).[@b19-agmr-22-111]

Conversely, do polypharmacy patients have an increased prevalence of frailty? Three cross-sectional studies that examined the prevalence of frailty in polypharmacy patients (taking 5 drugs or more) showed that frailty was statistically more prevalent among polypharmacy patients, with odds ratios of 1.17 to 1.85.[@b20-agmr-22-111]--[@b22-agmr-22-111]

Longitudinal studies yielded similar results. A longitudinal study of community residents reported that the frequency of polypharmacy was relatively higher in older people with frailty.[@b23-agmr-22-111] In contrast, multiple longitudinal studies that examined the prevalence of frailty in polypharmacy patients showed that polypharmacy was significantly associated with frailty, independent of comorbidities,[@b8-agmr-22-111],[@b10-agmr-22-111],[@b24-agmr-22-111]--[@b27-agmr-22-111] which demonstrates that polypharmacy is also a risk factor for diseases and frailty. However, the risk of mortality and the incidence of disabilities were higher in frail patients with polypharmacy than those in nonfrail patients with polypharmacy, with an adjusted odds ratio of 5.3.[@b28-agmr-22-111] This finding suggests that the concurrence of these 2 conditions is associated with serious problems.

Polypharmacy can be a risk factor for frailty and prefrailty. A previous analysis of community residents 70 years of age or older (mean age, 76.9±5.5 years, all men) found that healthy people had an odds ratio of 1.73 (95% confidence interval \[CI\], 1.30--2.31) for prefrailty per 1 point of drug burden index during a 2-year observation period.[@b8-agmr-22-111] Given that the drug burden index is defined as the sum of the burdens of anticholinergic and sedative drugs such as hypnotics, increased prescriptions for these drugs may affect the development of prefrailty and accelerate frailty development.

Studies examining the relationship between the number of drugs and frailty development have reported optimal cutoff points to detect frailty of 6[@b29-agmr-22-111] or 6.5,[@b19-agmr-22-111] indicating that patients without frailty who take at least 6 or 7 drugs are at a higher risk of developing frailty.

These findings show that polypharmacy is clearly associated with frailty. Although few studies have examined the association between polypharmacy and sarcopenia, which is closely associated with frailty, one study reported that polypharmacy is associated with sarcopenia independent of comorbidities.[@b30-agmr-22-111] Therefore, further longitudinal epidemiological studies are needed.

POLYPHARMACY AND FALLS
======================

Frailty is a risk factor for falls.[@b31-agmr-22-111] Numerous studies have reported polypharmacy to be associated with an increased risk of falls. A cohort study of community residents aged 50 years or over showed that patients taking at least 5 drugs, including antidepressants or benzodiazepines, had a significantly increased risk of falls.[@b32-agmr-22-111] A longitudinal observational study of outpatients aged 65 years or more showed that patients taking at least 5 drugs had a markedly increased risk of falls, with an odds ratio of 4.50.[@b33-agmr-22-111] Although the association between polypharmacy and a tendency to fall cannot be explained by the unitary theory, it may be attributed to the fact that polypharmacy patients often take drugs that inhibit brain activity, such as sedative, antihypertensive, and anticholinergic drugs. It is especially difficult to assess whether drugs actually induce falls. A meta-analysis of the association between drugs and risk of falls in people aged 60 years or more showed that psychotropic and non-steroidal anti-inflammatory and antihypertensive drugs significantly increased the risk of falls.[@b34-agmr-22-111] The association between antihypertensive drugs and risk of falls remains controversial. An observational study of community residents aged 70 years or more reported that the degree of blood pressure lowering was a significant risk factor for falls and that the risk was not associated with particular antihypertensive drugs.[@b35-agmr-22-111]

At any rate, polypharmacy patients are at a risk of falls because they have many diseases or severe diseases. In addition, since particular drugs that may cause falls may be frequently prescribed in these patients, reviews of drugs are needed to effectively address polypharmacy in older patients with a history of falls or who are at a risk of falls.

DRUG TREATMENT STRATEGY FOR PATIENTS WITH FRAILTY
=================================================

Frailty is a stage prior to disability that requires nursing care and can be prevented or reversed to independent functioning through appropriate medical and nursing intervention. For patients with frailty, careful consideration is needed to determine the treatment strategy; according to disease status, the treatment can be curative or supportive. Curative treatments should be preferentially considered when a complete cure is possible, as in the case of surgical treatment for cancer. On the other hand, the supportive treatment of symptoms in accordance with disease progression is the best way to treat patients who are at a risk of adverse events, such as those with poor surgical prognoses, who are at a higher risk in the perioperative period due to organ diseases, and who have refractory postoperative complications.

There are various discussions about treatment objectives for older people with hypertension or diabetes. Recently, treatment guidelines have described special considerations for patients with frailty and older patients with disability. For example, the Japanese Society of Hypertension Guidelines for the Management of Hypertension[@b36-agmr-22-111] include recommendations for the treatment of older people, patients with dementia, patients with frailty, and older patients with disability. Based on an observational study that reported similar prognoses between patients with and without hypertension among those with slow gait speed or those unable to walk,[@b37-agmr-22-111] the guidelines stipulate that the treatment of hypertension in patients with slow gait speed should be performed case by case; thus, there is no merit in reducing blood pressure to the normal range for young people. A similar recommendation is made for patients with diabetes. Based on studies that have reported that the development of hypoglycemia due to strict glycemic control may lead to cognitive dysfunction and increased mortality,[@b38-agmr-22-111]--[@b40-agmr-22-111] the joint committee of the Japan Diabetes Society and the Japan Geriatric Society recommends that glycated hemoglobin should not be lowered to below 7.5 in people with frailty or older people with disability, in considerations of cognitive status, activities of daily living, and drug selection.[@b41-agmr-22-111]

For patients with limited life expectancies such as older people with disability and patients with dementia, complete cure is not expected; thus, the treatment objective is to maintain or improve the activities of daily living and quality of life rather than to prolong the prognosis. Therefore, when choosing the best treatment strategy for patients with chronic diseases, clinicians should consider the individualized selection of drugs and treatment objectives for each patient.

FRAILTY AND ADVERSE DRUG REACTIONS
==================================

Polypharmacy can be a risk factor for frailty. In particular, polypharmacy can worsen frailty by causing adverse drug reactions (ADRs). The incidence of ADRs in older people is approximately twice than that in younger people and the frequency of emergency hospitalization due to ADRs in older people is approximately 7 times that in younger people. In addition, patients with small statures and renal dysfunction have a higher prevalence of frailty[@b42-agmr-22-111],[@b43-agmr-22-111] and tend to be susceptible to the action of drugs in terms of drug distribution, metabolism, and excretion. In addition, patients who see multiple physicians are likely to be prescribed a greater number of drugs.[@b44-agmr-22-111] Furthermore, frail patients with depression or dementia may have decreased adherence to prescribed medications and develop adverse events due to the cessation of drugs.[@b45-agmr-22-111],[@b46-agmr-22-111]

Using fewer drugs is always better for ADR prevention. However, older people are likely to have multiple diseases and require many drugs. In order to address polypharmacy, a careful review of prescription drugs is needed for each patient. In particular, it is important to discontinue or switch high-risk drugs that are likely to cause ADRs or may cause severe ADRs. For example, benzodiazepines have been widely used as hypnotics and are known to induce falls and fractures. The long-term use of benzodiazepines is associated with an increased risk of dementia.[@b47-agmr-22-111] In addition, anticholinergic drugs dose-dependently increase the risk of dementia or Alzheimer's-type dementia,[@b48-agmr-22-111] which deserves further attention.

POTENTIALLY INAPPROPRIATE MEDICATION AND SAFE DRUG TREATMENT GUIDELINES IN OLDER PEOPLE
=======================================================================================

As described above, the effectiveness of some drugs is uncertain for older people with frailty or disability and certain drugs are associated with increased risks of ADRs. It is, therefore, important to reconsider the need for these drugs. The risk of certain drugs outweighing the potential benefits in older patients is referred to as potentially inappropriate medication (PIM). Overseas, Beers et al.[@b49-agmr-22-111] developed a list of PIMs in 1991 for older residents in nursing facilities in the United States (Beers criteria).[@b49-agmr-22-111] The criteria were expanded to include all older patients in 1997 and were revised thrice thereafter. The 2015 Beers criteria consist of several PIM lists: PIMs for older people in general, PIMs that should be avoided depending on condition, and PIMs that should be administered carefully depending on the condition.

In Europe, the Screening Tool of Older Person's Prescriptions and Screening Tool to Alert doctors to Right Treatment (STOPP/START) criteria were published in 2008. After a partial update, the second version of these criteria was published in 2015.[@b50-agmr-22-111] The Beers and STOPP/START criteria are currently widely used in geriatrics and the field of pharmacy research and clinical practice. Because these overseas criteria are sometimes a poor fit for the therapeutic methods inside the country, the "guidelines for medical treatment and its safety in the elderly," and its PIM list, the screening tool for older person's appropriate prescriptions for Japanese (STOPP-J), were developed.[@b51-agmr-22-111] These guidelines include flowcharts for physicians considering stopping or decreasing the dose of PIMs or who must prescribe PIMs for older patients. When discontinuing a drug, sudden stoppage might precipitate a sudden exacerbation of the patient's condition; in addition, physicians should consider whether there are better alternatives when starting a new drug prescription. Both tools were developed based on systematic review and discussion by specialists. When there was insufficient evidence, comments from experts in related fields or specialists were incorporated. New drugs were excluded from the guidelines due to insufficient literature. Since safety has not been sufficiently demonstrated for the new drugs, future guidelines should also include safety evaluation.

The reduction of PIMs is important because the use of PIMs increases the mortality rate by 1.6 fold.[@b52-agmr-22-111] However, a survey of drugs that can cause ADRs showed that ADRs did not always coincide with the upper ranks on the PIM list and that drugs such as oral diabetes and anticoagulant drugs often cause ADRs.[@b53-agmr-22-111],[@b54-agmr-22-111] Thus, clinicians should be careful not only for PIMs but also for drugs that are frequently used and tend to cause ADRs. In addition, decreased medication adherence and complex regimens may affect the occurrence of ADRs; therefore, reviews on medications for older patients should be performed in individualized manner.

STRATEGIES TO REDUCE POLYPHARMACY IN JAPAN
==========================================

Among clinicians, there has been an increasing concern about polypharmacy in older people. Japan is a super-aged society in which older people account for 26% or more of the population.[@b55-agmr-22-111] At least 6,000,000 people are certified to require nursing care,[@b56-agmr-22-111] accounting for approximately 20% of the older population in Japan. A substantial number of patients are frail or with disability, and many of these population are thought to have polypharmacy. In Japan, a new rule was introduced under the medical fee revision in 2016 in which 2,500 yen is paid when two or more drugs are discontinued in a patient who had been taking at least 6 drugs.[@b57-agmr-22-111] This is one of the national strategies intended to address polypharmacy. There has been an increasing use of the guidelines published in 2015 because they were published as a Japanese-language book sold at a reasonable price in medical bookstores or in online shops. Domestic physicians and pharmacists found this format easier to read and use in their clinical practice compared to guidelines written in English. This year, the Ministry of Health, Labour and Welfare issued another guideline on the proper use of drugs in older people, which is expected to promote a review of drugs in older patients across all types of medical institutions in Japan.

Pharmacists will play an important role in reducing polypharmacy in the future. The Japanese Society of Geriatric Pharmacy was established in 2016 by professionals involved in geriatric care (mainly physicians and pharmacists) to promote the research and clinical practice of pharmacists providing geriatric care, including pharmacies, hospitals, and nursing facilities. In addition, the Ministry of Health, Labour and Welfare has been promoting the management of polypharmacy by physicians and pharmacists through the recent revision of the medical fee system in 2016, in which receiving care by "primary care pharmacists" in the pharmacy and the reduction of at least 2 drugs through coordination with medical institutions are evaluated for reimbursement. Governmental support is essential to improve the domestic situation. International coordination is also important to address this issue, especially in East Asian countries where population aging is occurring more rapidly than in other regions.

CONCLUSION
==========

This study addressed the issue of polypharmacy in older people with frailty or disability who require nursing care. Young and middle-aged patients can be effectively treated with curative drug therapy according to the guidelines; however, we should be aware that such treatment can be harmful to older people with frailty or disability. It is, therefore, important to determine the best strategy based on the condition of each patient. Given the increasing aging population, polypharmacy and frailty will have a greater significance in the future.
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